In south China the Lushan massif forms a Jurassic through Early Triassic [e.g., Mattauer et al., 1985, topographic high of the South China Block south of the 1991; Okay et al., 1993; Hacker et al., 1996; Gilder et al., Qinling-Dabie belt. The Lushan massif consists of two main 1999]. The noah directed continental subduction of south lithotectonic units separated by a major tectonic contact: a China was responsible for ultra-high pressure (UHP) Neoproterozoic (upper Sinian)-Paleozoic unit comprising metamorphism and related deformation in the Dabieshan. primarily unmetamorphosed sandstones overlies a Several interpretations have been put forward to account for Paleoproterozoic unit mainly composed of low-pressure, the geodynamic evolution of the Qinling-Dabie belt, but high-temperature gneisses and micaschists. Both units are cut whatever the proposed model, the southern foreland of the by Cretaceous granitic intrusions. Three primary tectono-Dabieshan is seldom considered. Since it is likely that such metamorphic and magmatic events are recognized. The eastern intense deformation as that related to UHP metamorphism part of the Lushan massif is cut by a NNE-SSW trending should also exert a strong influence on the structural ductile normal fault (D3 deformation) coeval to the evolution of the South China Block south of the collision emplacement of a 100-110 Ma leucogranite dated by zone, we have conducted the first detailed structural and 4øAr/39Ar laserprobe on biotite and muscovite. D2 geochronologic investigations of the metamorphic rocks of deformation is responsible for the formation of a the Lushan massif, which is a key element for the decakilometer-scale NE-SW trending upright anticline understanding of the Mesozoic evolution of south China. characterized by NE-SW stretching and NW-SE shortening. While tectonic evolution of South China is generally The age of this folding event is defined by a 127+1 (2•) Ma poorly understood, in Jiangxi Province, south of the U/Pb titanite date obtained for a syntectonic grano•iorite and Dabieshan, three basement areas are recognized: the 4øAr/39Ar ages of 133 Ma for amphibole. This Cretaceous age Wugongshan, Jiulingshan, and Lushan massifs from south to also corresponds to the 4øAr/39Ar ages of 126 Ma found on noah respectively (Figure 1). The Jiulingshan anticline syntectonic muscovites at the base of the Sinian unit. An consists of Proterozoic slates, phyllites, and granitoids, older deformation event, D1, characterized by a top-to-the-overlain by sedimentary rocks ranging from latest Proterozoic NW extensional decollement of the Sinian-Paleozoic series (Sinian) to Early Triassic. Locally, along the south margin of above Proterozoic metamorphic rocks is related to the Triassic the anticline, the tectonic superposition of phyllites upon tectonics of the Dabieshan. Lastly, in the lower part of Sinian Triassic or Permian limestones was previously invoked as rocks, the occurrence of kyanite cataclased during D1 evidence for large-scale overthrusting [Hs•i et al., 1990]. This documents an older, poorly preserved, late Paleozoic-early interpretation is superseded by a mechanism of extensional Mesozoic tectonometamorphic event (Dx) related to a blind shearing, indicated by displacement of the allochthonous thrust in the continental crust of the South China Block in the rocks top-to-the-south and top-to-the-noah along the south southern foreland of the Dabieshan. and noah margins, respectively; this allochthonous association is best explained in terms of extensional shearing 1. Introduction of previously folded layers [Lin et al., 1998; Faure et al., 1998]. The Wugongshan massif is a metamorphic dome formed East China formed by welding of two continents, namely, in an extensional setting during two tectonic and plutonic the Noah China and South China Blocks, along the Qinling-events [Faure et al., 1996]. The major event was responsible Dabie belt. Timing of collision and continued convergence is for top-to-the-south and top-to-the-north ductile shearing not yet settled. The deformation ranges from early Paleozoic to along the south and noah margins, respectively (Figure 1). Argon 40/Argon 39 dating of synkinematic biotite and muscovite yields ages of 225-230 Ma (Early Triassic) for this 1institut des Sciences de la Terre d'Or16ans, Universit6 d'Or16ans, extensional phase. The second phase corresponds to the Orl6ans, France. 2Laboratoire de G6ochronologie, G6ochimie et P6trologie, Universit6 emplacement of an Early Cretaceous (circa 130 Ma) de Montpellier 2, Montpellier, France. granodiorite responsible for amplification of the domal shape 3Laboratoire de G6ochronologie, Universit6 Paris 7, Paris. 4Department and local mylonitization along the pluton margins. At the northern border of Jiangxi Province, south of the Changjiang, the Lushan massif (Figure 1) is the smallest of these basement highs. There also, a noahward transported klippe structure has been proposed [Hsa et al., 1990]. This paper presents a detailed structural analysis of the Lushan massif with new geochronological constraints provided by 852
). group" [JBGMR, 1984] . Middle Proterozoic rocks are missing Geometrically, the Lushan massif might be considered either in the NE part of the Lushan massif, and the Sinian as a "dome" or as a brachyanticline; however, is it worth sedimentary rocks instead directly overlie high-grade noting that the Donggu pluton does not strictly occupy the metamorphic rocks. This lack of Middle Proterozoic rocks is hinge part of the antiform but lies slightly eastward of the fold not due to a stratigraphic gap but rather to a tectonic hinge (Figures 2, and 3) . This geometry suggests that folding discontinuity as argued below. Proterozoic slates, in turn, are preceded granite intrusion. The above succession, namely, underlain by biotite-gamet-staurolite micaschists. from top to bottom, Paleozoic sedimentary rocks, Sinian Amphibolites, quartzites, and conglomerates are also found in clastics, Proterozoic slate, and volcanics and metamorphic a limited amount, thus in Figure 2 they are grouped with the rocks, corresponds to a stack of tectonostratigraphic units micaschists or gneisses. In micaschists, widespread staurolite (Figure 3) . The boundary between Paleozoic and Sinian crystals are generally retrogressed to fine-grained white mica sedimentary rocks is a subvertical fault which is probably (sericite). The central part of the Lushan massif is occupied by reworked during Cretaceous or younger events as suggested K-feldspar gneisses and biotite-muscovite gneisses. Intense by the local occurrence of fault breccia. In agreement with recrystallization of these rocks precludes recognition of geological mapping [JBGMR, 1984] the boundaries between precursor lithologies; an igneous (granitic) or a sedimentary Sinian, Late Proterozoic, and micaschists are not primary protolith is equally likely. Although detailed chemical stratigraphic contacts but tectonically reworked. We describe analysis or thermobarometry of the metamorphic assemblages in sections 3.1-3.3 three ductile deformation phases, D1-D3, has not been investigated, the conspicuous occurrence of from youngest to oldest. biotite-gamet-staurolite in micaschist and biotite-muscovitegarnet in gneiss indicates that the Lushan metamorphic rocks 3.1. D3 Deformation belong to an intermediate temperature-intermediate pressure The D3 event, restricted to the eastern side of the Lushan type. As discussed in section 3, occurrence of muscovite and massif, is observed in the leucogranite in the form of S-C kyanite in the lower part of the Sinian sedimentary sequence mylonites characterized by a SE dipping shear plane (S3) and shows that metamorphism decreases upwards from the basal an ENE-WSW (45øN-N90øE) stretching lineation, L3 gneiss and disappears within the Sinian rocks. This geometry (Figure 4) . The latter is better called a "high-temperature is in agreement with the interpretation of a normal slickenline" since it is observed on the C shear plane and not metamorphic succession with the lower part of higher on the S foliation surface (Figure 4 ). S-C relationships, metamorphic grade than the upper part [JBGMR, 1984] . sigmoidal muscovite flakes, (x-type porphyroclast systems of Three types of plutonic rocks are found in the study area. feldspathic clasts, and recrystallized grain shape fabric in 6, and 8) . Upward in the Sinian sequence, metamorphism progressively disappears, and bedding is deformed by fracture or slaty cleavage (S1) depending on the lithology (Figures 6 and, 8) . Near the boundary between
Sinian and Paleozoic series, hectometer-scale recumbent folds
can be observed (e.g., at Shimen Jian, Figures 2 and, 3) . SI bears a NW-SE (N120 ø E-150 ø E, Figure 4) (Figure 10) . The total gas age of 123.5 + 1.1 Ma is slightly younger than the age of 125.6 + 1.2 Ma calculated over the less discordant portion of the spectrum, representing 45% of the gas released ( Figure  10) . A series of nine laser ablations performed perpendicular to the surface of a second grain from this sample (Figure 1 l a Figure 11. (a, b) Examples of laser spot analyses in muscovite (see location in Figure 9 ). determinations in the Lushan massif is that all fall in a range rocks reveal the occurrence of megaxenoliths of the Haihui from about 140 to 100 Ma, thus pointing to the existence of a granodiorite within both the Donggu granite and the foliated major cooling event in the Cretaceous, independently of the leucogranite. Sample Jx104 is a porphyritic, medium-grained lithology or tectonostratigraphic level investigated. This is rock consisting of 60% felsic minerals (plagioclase, less Kparticularly noticeable for the schists of the Sinian feldspar, and little quartz) and 40% mafic components (biotite metamorphic cover that have experienced lower thermal and minor brown amphibole). The sample is characterized by a conditions than the underlying basement rocks and which syn-D2 gneissic structure caused by preferred orientation of partially preserve the earlier Dx metamorphic assemblages. biotite and feldspar crystals. This structure reflects strain However, there is no preserved record in these schists of ages during crystallization of the magma, with the primary older than the Cretaceous. magmatic mineralogy being entirely preserved; no evidence However, while a range of ages exists thoughout the for later subsolidus deformation can be recognized. different units, the ages form a consistent pattern within rocks U-Pb analytical data for magmatic titanite are given in of the same unit with older to younger dates for amphibole Table 2, 
Cheney, 1997] indicate that this cooling occurs at a
This age is significantly older than the 4øAr/39Ar ages from temperature slightly above 400øC. According to the new U-the same intrusion (Figure 9) , giving a plateau at 92.7 + 1.3 Pb titanite ages given in section 4.3, this cooling appears to Ma on biotite (Jx31). This 30 Myr age difference reflects either be contemporaneous with the emplacement of a first (1) late closure of the K-Ar system during progressive generation of granitoids in the Lushan dome. Younger ages cooling of the pluton from above 700 ø C to below 300o-350 ø between 90 and 110 Ma are recorded by muscovite from C or (2)the occurrence of a later thermal phase, during which sheared leucogranites, suggesting that some argon loss the Ar-Ar system was reset in biotite but the U-Pb clock was occurred during shearing. Biotite ages range from 93 to 111 not reset in titanite. Slow, progressive cooling at 10øC/Myr Ma throughout the massif, recording cooling at a temperature rate seems less likely than a late thermal input, because of 300ø-350øC [Harrison et al., 1985; Onstott et al., 1989] . cooling rates would have to be unrealistically slow for a Biotite ages are systematically older in the dated metamorphic magma emplaced into an entirely solidified, and therefore rocks (102-111 Ma) than in the various granitoids (93-99 much colder, upper crustal gneiss complex. Since the gneisses Ma), suggesting some diachronous cooling history between preserved their metamorphic fabric, temperatures of the these lithologies. However, all biotites became closed to gneisses during intrusion must have been below 300 ø C. In argon diffusion after the emplacement of the granites. The consequence, the most likely interpretation for the age combination of these new 4øAr/39Ar thermochronological difference is to ascribe biotite resetting to a later thermal event data points to a mean cooling rate close to 5ø-10øC/My for the causing temperatures between 300 ø and 350 ø C within the period between 140 and 100 Ma. Anomalies exist to this Haihui granodiorite. Such reheating of the pluton was general pattern that may be attributed to argon loss related to possibly caused by the magmatism responsible for the the thermal effect of the plutons or the shear zone activity. Figure 9) .
2000
]. The question as to whether this deformation is a local Firstly, quartz c axis fabrics indicate a deformation temperature event limited around some plutons or is a regional one lower than that given by metamorphism. Secondly, D1
corresponding to extensional tectonics is not uniquely emplaces younger Paleozoic to Sinian rocks upon older answered by our data. However, Cretaceous plutons are Proterozoic slate, micaschist, and gneiss. Such a contact does widespread in SE Asia. Although they are generally related not contribute to thickening the sequence but rather the to westward subduction of an oceanic plate, intrusion extends converse: the tectonic boundary between Sinian rocks and several hundred kilometers inland from the subduction zone. Proterozoic metamorphics is "a subtractive contact" While a general discussion on the geodynamic setting of the responsible for thinning of the pile as shown by the Mesozoic magmatism along the eastern margin of Eurasia is disappearance of Proterozoic rocks east of the massif. In the beyond the scope of this paper, we suggest that in the east, where Sinian rocks directly overly the metamorphics Cretaceous, SE China experienced regional extensional (Figure 2) , the Proterozoic sequence has been faulted out. tectonics as supported by the continental red beds deposited Therefore thrusting is unable to account for superposition of in grabens [e.g., Gilder et al., 1991; Qiu et al., 1991] . This younger rocks upon older. conclusion is also in agreement with the Late Cretaceous Another interpretation is preferred here, where we consider normal motion proposed along the southern end of the Tan 
